| INTRODUCTION
Since the first reports on the use of thoracoscopy for congenital anomalies in infants, [1] [2] [3] this surgical approach has been shown to be effective, safe, and to result in better cosmetic outcome in comparison to open surgery. 4, 5 However, intraoperative acidosis and hypercapnia during thoracoscopy have been reported in some retrospective studies in the pediatric age group [6] [7] [8] [9] [10] [11] and have been confirmed by a pilot randomized controlled trial in neonates undergoing thoracoscopic repair of congenital diaphragmatic hernia (CDH) or esophageal atresia/trachea-esophageal fistula (EA/TEF). 12 Carbon dioxide (CO 2 ) is the gas most commonly used to insufflate the body cavities during minimally invasive surgery and may be absorbed, leading to increased arterial CO 2 and increased CO 2 elimination from the lungs. 13 Intraoperative acidosis and hypercapnia during thoracoscopy seem to be associated with an excess of CO 2 absorption from thoracic insufflation that, in neonates, is more pronounced than that reported from peritoneal insufflation during pediatric laparoscopy. 12, 14 Despite previous reports, it is still a matter of debate whether severe intraoperative acidosis in neonates undergoing thoracoscopic surgery influences adversely their postoperative outcomes.
The aim of the present study was to investigate whether thoracoscopic repair of CDH or EA/TEF was associated with acidosis and hypercapnia in a large group of neonates, and to analyze the effects of acidosis and hypercapnia on early postoperative outcomes.
| PATIENTS AND METHODS
We were considered in the thoracoscopic group for the analysis.
| Statistics
Data were tested for normality distribution using the KolmogorovSmirnov test and were compared using parametric (t-test) or nonparametric tests (Mann-Whitney), accordingly; dichotomous data were compared using Fisher's exact test. Intraoperative acidosis was correlated with postoperative ventilation duration using linear regression analysis. Data are reported as mean AE SD or median (range). Differences in mean and median are also reported with 95% confidence intervals (CI); dichotomous data report odd ratios and their 95% CIs.
| RESULTS
During the study period, 392 neonates underwent surgery for CDH (n= 187) or EA/TEF (n=205). There were no differences in preoperative arterial pH, PaCO 2 , or 
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| DISCUSSION
The current study shows that while open repair of CDH or EA/TEF is associated with an intraoperative alteration of blood gases, neonates undergoing thoracoscopic repair develop a greater degree of intraoperative acidosis. Overall, the results of the current study support previous reports in the literature addressing the occurrence of intraoperative acidosis in the same population of neonates (Table 3) .
However, some of these previous studies included only patients repaired thoracoscopically, some were not comparative, and most comprised a small number of patients (Table 3 ).
The hypercapnia during thoracoscopy was first reported in 2009
by Bliss et al. 6 The authors described it as a common phenomenon during thoracoscopic CDH repair, but concluded that in their series it did not result in clinically evident deterioration. McHoney et al. CI, confidence interval; Mean AE SD or median (range).
In the current study, we also determined that neither the thoracoscopic approach nor the levels of intraoperative acidosis influenced the duration of postoperative mechanical ventilation. This is similar to that reported in the pilot randomized trial, where there was no difference in days of postoperative ventilation and intensive care unit stay between the open and the thoracoscopic group. 12 The current study also looked at whether severe levels of acidosis during thoracoscopy in neonates could result in higher postoperative complication rates, namely hernial recurrence for CDH patients and esophageal stricture for EA/TEF. At follow-up, there appears to be a significantly higher rate of hernia recurrences in the CDH group and esophageal stricture of the anastomosis in the EA/TEF group.
The high recurrence rate in thoracoscopic CDH repair has been previously reported in a meta-analysis ( 15 ), but an association with intraoperative acidosis is unlikely. Likewise, thoracoscopic repair has been reported as one of the factors associated with increased risk of clinically significant stricture formation after EA/TEF repair. 16 The issue of whether severe intraoperative acidosis has an impact on the infant developing brain is still a matter of debate.
Bishay et al. 17 measured the regional cerebral oxygen saturation using near-infrared spectroscopy in six infants undergoing thoracoscopic CDH or EA/TEF repair and reported that intraoperative acidosis was associated with a decrease in cerebral hemoglobin oxygen saturation. More recently, Tytgat et al., 18 studying the impact of thoracoscopy for EA/TEF at a low CO 2 insufflation pressure (5 mm Hg), confirmed a reversible decrease in oxygen saturation and pH, and an increase in PaCO 2 . The authors concluded that the regional cerebral oxygen saturation remained stable and within normal limits during and after the CO 2 pneumothorax, suggesting no hampering of cerebral oxygenation by thoracoscopy. 18 It remains unknown whether acidosis and hypercapnia in the presence of normoxia are detrimental for infantile neurodevelopment. In the preliminary study by Bishay et al., 12, 17 as well as in the randomized controlled trial, arterial oxygenation was well maintained throughout. Similarly, in our current study, patients who underwent thoracoscopy did not have changes in arterial oxygenation. It could be that maintaining a good cerebral oxygen saturation prevents cerebral damage, regardless of the changes in the other gas parameters.
As the acidosis phenomenon is now recognized, strategies to prevent it have been proposed. Acidosis could arise either due to respiratory compromise during thoracoscopic procedures due to, for example, lung collapse to allow a working space, or direct absorption of insufflated CO 2 from the thorax. On the other hand, the lower intraoperative pH levels found in neonates undergoing thoracoscopy in comparison to those having open surgery could be due to a component of metabolic acidosis. An acid-base imbalance, mostly of a metabolic type, has been reported in patients undergoing laparoscopy, 19 but to the best of our knowledge, it has not been reported suggest that direct absorption of insufflated CO 2 from the thorax is an important factor, as during thoracoscopic procedures up to 50% of expired CO 2 originated from the insufflated gas. Mortellaro et al. 10 recommended the use of high-frequency oscillating ventilation to facilitate CO 2 elimination and to prevent acidosis in neonates In conclusion, the present study shows that neonates undergoing This study highlights that even in a large volume center a noticeable proportion of neonates undergoing thoracoscopic surgery did not routinely have arterial blood gas levels checked intraoperatively.
The findings of the current study have made surgeons and anesthetists aware of the occurrence of intraoperative acidosis and hypercapnia, prompting the surgeons to use low insufflation settings and the anesthetists to meticulously check neonatal physiology intraoperatively.
We advocate for a large multicenter randomized controlled trial of open vs thoracoscopic CDH or EA/TEF repair at low CO 2 insufflation pressures.
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